ELECTRICAL FUSE WITH INDICATOR 



Field of the Invention 



The present invention relates generally to electrical fuses, and more 



5 particularly to an electric fuse having an indicator for indicating whether the fuse has 
become non-conducting, i.e., "blown." 



An electric fuse is designed to allow temporary and harmless current to pass 
therethrough without triggering, i.e., opening the fuse. The fuse is nevertheless 

10 operable to open if subjected to sustained overloads or excessive short circuit 
conditions. In many instances, an "open," i.e., a "blown," fuse will exhibit no visible 
signs of its condition. 

The present invention relates to an improved electric fuse having an indicator 
for indicating whether the fuse has become non-conducting, i.e., "blown." 

15 Summary of the Invention 

In accordance with a preferred embodiment of the present invention, there is 
provided an electric fuse comprised of a tubular fuse casing formed of an electrically 
insulating material. A first conductive component is attached to a first end of the 
casing and a second conductive component is attached to a second end of the casing. 

20 A first conductive path is formed through the tube between the first and second 
conductive components. The conductive path includes a fusible element having a first 
resistance. A second conductive path is formed along the exterior of the tubular fuse 
casing. The second conductive path is in parallel to the first conductive path and has a 
second resistance greater than the first resistance. The second conductive path 

25 includes an indicator component. The indicator component is comprised of first layer 
comprised of a deep-dyed color material, and a second layer comprised of a 



Background of the Invention 




conductive material deposited onto the first layer. The second layer has a region of 
increased resistance. An inner cavity is located above the region of increased 
resistance on the second layer. A third layer comprised of a transparent, polymeric 
material covers the cavity and the first and second layers. 

In accordance with another aspect of the present invention, there is provided an 
electric fuse, comprised of a tubular fuse casing formed of an electrically insulating 
material having a first conductive component attached to a first end of the casing and a 
second conductive component attached to a second end of the casing. A first 
conductive path is formed through the tube between the first and second conductive 
components. The first conductive path includes a fusible element and has a first 
resistance. An indicator strip extends along the length of the tubular fuse casing. The 
indicator strip is comprised of a first layer of a colored polymer having a layer of 
metal deposited thereon. The metal layer is electrically connected to the first and 
second conductive components to be in parallel with the first conductive path. The 
metal layer has a resistance greater than the first conductive path and a region of 
reduced cross-sectional area wherein the resistance of the metal layer in the region of 
the reduced cross-sectional area is greater than a remainder of the metal layer. A 
cover layer of polymeric material covers the indicator strip. The cover layer is clear in 
the vicinity of the region of reduced cross-sectional area, wherein the region is visible 
through the cover layer. A cavity is formed between the cover layer and the metal 
layer. The cavity is disposed contiguous to the region of reduced cross-sectional area 
and is dimensioned to promote vaporization of the metal at the region of reduced 
cross-sectional area to expose the colored polymer strip when a fault condition exists 
along the first conductive path. 
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In accordance with another aspect of the present invention, there is provided an 
electric fuse, comprised of a tubular casing formed of an electrically insulating 
material having a first conductive component attached to a first end of the casing and a 
second conductive component attached to a second end of the casing. A fusible 
5 element within the casing is electrically connected to the first and second conductive 
components. The first fusible element has a first resistance. An indicator is provided 
on the casing. The indicator is comprised of a first layer comprised of a non- 
flammable, dyed material and a second layer comprised of a conductive material 
deposited on the first layer. The second layer has an area of reduced thickness and a 

10 predetermined resistance greater than the resistance of the fusible element. The 
indicator is mounted to the casing with the second layer electrically connected to the 
first and second conductive elements in parallel with the fusible element and with the 
first layer of dyed material between the second layer and the casing. A third layer of a 
clear, polymeric material covering the indicator and at least a portion of the casing 

15 wherein the area of reduced thickness of the second layer is visible through the third 
layer. The second layer of conductive material is dimensioned to vaporize and expose 
a portion of the first layer when the fusible element experiences a fault condition that 
eliminates the electrical connection between the first and second conductive elements. 
The indicator provides a first visual indication when the fault condition results from a 

20 short circuit and a second visual indication when the fault condition results from an 
over current fault condition. 

It is an object of the present invention to provide an electric fuse having an 
indicator for indicating whether the fuse has become non-conducting or has blown. 

Another object of the present invention is to provide an electric fuse as 

25 described above that provides an indication whether a non-conducting, i.e., blown, 



v: 



• # 

4 

fuse experienced an excessive, short circuit condition or a sustained overload 
condition. 

A still further object of the present invention is to provide an indicator 
component as described above that is reliable and may be used in most types of 
electric fuses. 

These and other objects will become apparent from the following description 
of a preferred embodiment of the invention taken together with the accompanying 
drawings and the appended claims. 

Brief Description of the Drawings 

The invention may take physical form in certain parts and arrangement of 
parts, a preferred embodiment of which will be described in detail in the specification 
and illustrated in the accompanying drawings which form a part hereof, and wherein: 

FIG. 1 is a perspective view of an electric fuse having an indicator thereon for 
indicating the condition of the fuse, illustrating a preferred embodiment of the present 
invention; 

FIG. 2 is an enlarged, partially sectioned, top plan view taken along lines 2-2 
of FIG. 1; 

FIG. 3 is a partially sectioned, top plan view of the electrical fuse shown in 
FIG. 1, showing the indicator portion thereof; 

FIG. 4 is a sectional view taken along lines 4-4 of FIG. 3 showing an indicator 
component according to the present invention in a first state indicative of a 
conductive, i.e., not blown, fuse; 

FIG. 5 is a sectional view, similar to FIG. 4, showing an indicator component 
according to the present invention in a second state indicative of a non-conductive, 
i.e., blown fuse; 



FIG. 6 is an enlarged, sectional view taken along lines 6-6 of FIG. 4; 

FIG. 7 is an enlarged, sectional view taken along lines 7-7 of FIG. 5; 

FIG. 8 is an enlarged, top plan view of the indicator, showing the indicator 
after a first type of fault condition; 

FIG. 8 A is an enlarged, top plan view of the indicator, showing the indicator 
after a second type of fault condition; 

FIG. 9 is a plan view of a laminate casing; 

FIG. 10 is a perspective view of an indicator component; 

FIG. 1 1 is a sectional view of the indicator component shown in FIG. 10; 

FIG. 12, comprised of FIGS. 12A through 12G, is a perspective view of an 
evolving fuse through the manufacturing process; 

FIG. 13 is a side view of an electric type fuse illustrating an alternate 
embodiment of the present invention; 

FIG. 14 is an enlarged, sectional view taken along lines 14-14 of FIG. 13; 

FIG. 15 is a side view of an electric type fuse illustrating a preferred 
embodiment of the present invention; and 

*FIG. 16 is an enlarged, sectional view taken along lines 16-16 of FIG. 15. 
Detailed Description of Preferred Embodiment 

Referring now to the drawings wherein the showings are for the purpose of 
illustrating preferred embodiments of the invention only, and not for the purpose of 
limiting same, FIG. 1 shows a fuse 10, illustrating a preferred embodiment of the 
present invention. Fuse 10 is generally comprised of a tubular, insulated fuse casing 
12 that defines an inner bore or cavity 14 that extends axially through fuse casing 12. 
In the embodiment shown, fuse casing 12 is a cylindrical shape and defines a 
cylindrical cavity 14. 



A fusible conductor assembly 20 extends through cavity 14 of fuse casing 12, 
as best seen in FIG. 2. The fusible conductor assembly 20 in and of itself forms no 
part of the present invention, and therefore shall not be described in great detail. 
Basically, fusible conductor assembly 20 is comprised of a conductive element 22 that 
is formed of a flat strip of conductive material, preferably formed of silver, copper or 
copper alloys. The dimensions of conductive element 22 determine the Ampere rating 
of fuse 10. (In this respect, the present invention finds advantageous application for 
fuses rated from 6 to 6,000 amps). In the embodiment shown, conductive element 22 
includes a plurality of aligned apertures 24 that define a plurality of "notched sections" 
26 that reduce the cross-section of conductive element 22 and establish the current 
carrying capacity thereof Conductive element 22 includes elongated ends or tabs 28 
that are adapted to be bent around the ends of fuse casing 12, as best seen in FIGS. 2 
and 3. Fusible conductor assembly 20 has a predetermined current carrying capacity 
and has a specific resistance. 

An indicator component 40 is provided along the exterior of fuse casing 12, as 
best seen in FIGS. ^and ><f. (In the drawings, the thickness of indicator component 
40, and the components forming indicator component 40, are exaggerated for the 
purpose of illustration). In the embodiment shown, indicator component 40 is shaped 
as a long, narrow strip that extends essentially from one end of fuse casing 12 to the 
other end. 

it /WD ii 

Indicator component 40, best seen in FIGS. 9 and H »; is basically a layered 
structure comprised of an indicator layer 42 and an electrically conductive layer 44. 
Indicator layer 42 may be formed from a variety of non-conductive, non-flammable 
materials including certain papers and plastics that are treated with a flame retardant 
material to render them non-flammable. In a preferred embodiment of the present 
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invention, indicator layer 42 is comprised of a polymeric film that is deep-dyed of a 
bright color. In a preferred embodiment, indicator layer 42 is a red, Mylar® film 
having a thickness of about .002 inches. A clear polymer film having dyed adhesive 
material therebelow may also find advantageous application in the present invention. 
5 Electrically conductive layer 44 is preferably formed of at least one layer of a 

metal. Electrically conductive layer 44 may be formed of a variety of different metals, 
such as, by way of example and not limitation, copper, zinc, aluminum and nichrome. 
As used herein, the term "conductive layer 44" also includes a multi-layered structure 
comprised of two or more layers of different metals, such as, for example, a nickel-on- 

10 aluminum conductive layer 44 or copper on aluminum conductive layer 44. In the 
embodiment shown, conductive layer 44 is formed of aluminum. Electrically 
conductive layer 44 is preferably deposited onto indicator layer 42 by conventional 
metallization processes, such as vacuum metallization or metal sputtering techniques. 
In the embodiment shown, electrically conductive layer 44 is vapor deposited onto 

15 colored indicator layer 42. The thickness and cross-sectional area of electrically 
conductive layer 44 is based upon the size of fuse 10. In other words, the cross- 
sectional area of electrically conductive layer 44 is established such that electrically 
conductive layer 44 has a specific resistance and current carrying capacity in relation 
to the resistance and current carrying capacity of fusible conductor assembly 20. 

20 Specifically, electrically conductive layer 44 is dimensioned to have a higher 
resistance than the resistance of fusible conductor assembly 20. In the embodiment 
shown, for a 30 Ampere fuse, electrically conductive layer 44 basically has a 
g> resistance of about 4 ohms (Q) and a current carrying capacity of about 4rk. 
Electrically conductive layer 44 preferably has a width of about .25 inches, and a 

25 thickness of about 3,000A. 
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Electrically conductive layer 44 is designed to have a region 44a of increased 
electrical resistance. In the embodiment shown, region 44a has a reduced, cross- 
sectional area, so as to increase the electrical resistance of electrically conductive layer 
44 within region 44a. Region 44a may be formed by reducing the width, thickness or 
metallic composition of conductive layer 44 in a direction perpendicular to the 
direction of current flow. In the embodiment shown, region 44a of reduced, cross- 
sectional area is formed by reducing the thickness of electrically conductive layer 44 



along a portion thereof, as best seen in FIG. +fr The reduced thickness in region 44a 
creates a cavity or depression in electrically conductive layer 44, as also seen in FIGS. 
10 and 11. 

Indicator component 40 is dimensioned to extend along the outer surface of 
fuse casing 12. An adhesive layer, designated 46 in the drawings (see for example, 
FIG. 4) may be used during assembly to mount indicator component 40 to fuse casing 
12, as shall be described in greater detail below. Adhesive layer 46 may be any type 
of adhesive, but is preferably a pressure-sensitive adhesive for easy attachment of 
indicator component 40 to fuse casing 12. As indicated above, adhesive layer 46 may 
be dyed to provide color beneath a clear polymer film as part of indicator layer 42. 

Inner rings 52, seen in FIGS. 2-5, formed of metal are attached to the distal 
ends of fuse casing 12. Inner rings 52 are dimensioned to overlay, and be in contact 
with, a portion of electrically conductive layer 44 (see FIG. 14). Inner rings 52 are 
rolled, crimped or press fit onto the ends of fuse casing 12 wherein the inner surface of 
each inner ring 52 is in electrically conductive contact with one end of electrically 
conductive layer 44 of indicator component 40. 

A composite laminate 62 (best seen in FIGS. 6 and 7) covers fuse casing 12 
and indicator component 40. Laminate 62 is comprised of an inner layer 64 and an 
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outer layer 66, best seen in FIG. 9. Inner layer 64 may be formed from a variety of 
non-conductive, non-flammable materials including certain papers and plastics that are 
treated with a flame retardant material to render them non-flammable. Inner layer 64 
preferably has a printable outer surface for labeling to identify the type, class, rating 
etc. of fuse 10, as schematically illustrated in the drawings. In accordance with the 
present invention, inner layer 64 includes an opening 68 therethrough. In the 
embodiment, shown, opening 68 is circular, although other shapes, such as squares, 
rectangles etc., may be used. The thickness of inner layer 64 is preferably about 2-4 
mils. 

Outer layer 66 is preferably formed of a clear, non-flammable material, or a 
non-flammable material that is at least clear in the region of opening 68 in inner layer 
64. Outer layer 66 is preferably a clear polymer, such as Mylar®, and has a thickness 
of approximately 2 mils. 

Laminate 62 is dimensioned to encase fuse casing 12 and indicator component 
40. As best seen in FIGS. 5 and 6, laminate 62 extends to the edges of inner rings 52 
on the ends of fuse casing 12. Laminate 62 is applied such that opening 68 in inner 
layer 64 is in registry with region 44a of electrically conductive layer 44, wherein 
region 44a of electrically conductive layer 44 is visible through the clear, outer layer 
66 and opening 68 in inner layer 64. Opening 68 in inner layer 64 defines a cavity or 
space 72 above region 44a of indicator component 40. 

Conductive ferrules 82 are attached to the ends of fuse casing 12 to be in 
electrical contact with metal inner rings 52, and in turn, to be in electrical contact with 
electrically conductive layer 44 of indicator component 40. In the embodiment 
shown, ferrules 82 are metallic ferrules that are crimped onto the ends of fuse casing 
12 to be in contact with inner rings 52, and further to be in contact with fusible 
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conductor assembly 20 within fuse casing 12. As best seen in FIG. 2, the end of tabs 
28 of fusible conductor assembly 20 are bent over metal inner rings 52 prior to 
attachment of outer conductive ferrules 82. 

Fuse 10, as heretofore described, has a first conductive path between 
5 conductive ferrules 82. The first conductive path is established through the interior of 
fuse casing 12 along fusible conductor assembly 20 between conductive ferrules 82. 
Q Fuse 10 also has a second conductive path defined between conductive ferrules 

^ 82 along the exterior of fuse casing 12. The second conductive path is comprised of 

electrically conductive layer 44 of indicator component 40, metallic inner rings 52 and 
10 conductive ferrules 82. The first and second conductive paths are electrically parallel 
M: to each other. 

ry An arc quenching material 1 14 is disposed within the cavity of fuse casing 12 

Bp and surrounds fusible conductor assembly 20. In a preferred embodiment, arc 

quenching material 1 14 is comprised of silica quartz sand. 
15 MANUFACTURE 

The manufacture of fuse 10 is best illustrated with reference to FIGS. 12 A 
through 12G. Basically, a fuse subassembly 90 (see FIG. 12D) comprised of fuse 
casing 12, indicator component 40 and laminate 62 is formed. As seen in FIG. 12 A, 
indicator component 40 is mounted along the length of fuse casing 12. Adhesive layer 
20 46 (not shown in FIGS. 12A-12G) secures indicator component 40 in position relative 
to fuse casing 12. Laminate 62, comprised of inner layer 64 and outer layer 66 that 
have previously been laminated together, is applied to fuse casing 12. Laminate 62 is 
positioned such that opening 68 in inner layer 64 is disposed in registry with region 
44a, i.e., the area of reduced cross-sectional area of electrically conductive layer 44. 
25 As seen in FIG. 12C, laminate 62 is dimensioned wherein a portion 40a of each end ofl 
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indicator component 40 is exposed, i.e., not covered by laminate 62. Inner rings 52 
are then inserted onto the ends of fuse casing 12 by a crimping, rolling or pressing 
procedure. As best illustrated in FIGS. 2 and 3, exposed portions 40a of electrically 
conductive layer 44 are in electrically conductive contact with the inner surface of 
inner rings 52 to complete fuse casing subassembly 90. 

In accordance with the present invention, fuse casing subassembly 90 is then 
tested, as schematically illustrated in FIG. 12D, by applying a voltage across inner 
rings 52. Specifically, fuse casing subassembly 90 is tested to insure that a conductive 
path is formed through electrically conductive layer 44 between metallic inner rings 
52, and further to insure that electrically conductive layer 44 of indicator component 
40 provides the desired resistivity for the fuse 10 to be formed. 

A fusible conductor assembly 20 is then inserted into fuse casing subassembly 
90, as shown in FIG. 12D. Fusible conductor assembly 20 may, depending on the 
type of the fuse, include a trigger/actuator (not shown) and/or a heater assembly (not 
shown). Basically, any type of conventionally known fusible assembly may find 
advantageous application with the present invention. 

Fusible conductor assembly 20 has end tabs 28 dimensioned to extend beyond 
the ends of fuse casing 12. The extending portions of tabs 28 are bent over the ends of 
fuse casing 12 onto metallic inner rings 52, as shown in FIG. 12F. With fusible 
conductor assembly 20 within fuse casing subassembly 90, a ferrule 82 is crimped 
onto one end of fuse casing subassembly 90. End ferrule 82 is crimped onto fuse 
casing 12 of fuse casing subassembly 90 to capture conductive tab 28 of fusible 
conductor assembly 20 between ferrule 82 and inner ring 52, wherein tab 28 is in 
conductive contact with metallic inner rings 52 and ferrule 82. With ferrule 82 on one 
end of fuse casing subassembly 90, arc quenching material 1 14 is then introduced into 
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cavity 14 defined fuse casing 12 to fill same. A second ferrule 82 is then attached to 
the other end of fuse casing subassembly 90, in a similar manner as previously 
described, to capture tab 28 of fusible conductor assembly 20 against metallic inner 
rings 52. As shown in the drawings, conductive end ferrules 82 are preferably 
5 dimensioned also to capture a portion of laminate 62 thereby totally encasing indicator 
component 40 beneath laminate 62 and beneath end ferrules 82. 



Fuse 10 is adapted to open if subjected to an excessive short circuit condition, 
or if subjected to a moderate overload for a sustained period of time, and to provide an 

10 indication if fuse 10 is open as a result of either condition. In accordance with the 
present invention, the electrical resistance of indicator component 40 is established 
such that it has a higher electrical resistance than fusible conductor assembly 20. As 
indicated above, the ability to test each indicator component 40 on fuse casing 12 
insures that the proper resistance exists along the second conductive path through 

15 indicator component 40. During normal operation, current will flow along the first 
conductive path, i.e., through fusible conductor assembly 20 within fuse casing 12. 

Referring to the operation of fuse 10, under a short circuit condition, i.e., when 
current in excess of ten times the nominal rated current of fuse 10 passes through fuse 
10 longer than 1-2 milliseconds, the fusible element of fusible conductor assembly 20 

20 ionizes and forms an interrupt arc. At higher currents, the fusible element of fusible 
conductor assembly 20 ionizes sooner. The interrupt arc is quenched within fuse 
casing 12 by arc quenching material 114. With current through fusible conductor 
assembly 20 terminated, the current is then directed to electrically conductive layer 44 
of indicator component 40. The dimensions of electrically conductive layer 44 are 

25 such that it cannot withstand the high current levels imposed on it during a short 
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circuit fault condition. As a result, electrically conductive layer 44 of indicator 
component 40 will vaporize. Since region 44a, of reduced cross-sectional area, has 
the highest resistance, vaporization and arcing will occur at this location. In 
accordance with the present invention, cavity or space 72 above region 44a, facilitates 
5 the arcing and vaporization of electrically conductive layer 44, without burning the 
polymeric materials of laminate 62 which would occur in absence of the air within 
space or cavity 72. The vaporization of electrically conductive layer 44 in region 44a 
.of reduced cross-sectional area exposes deep-dyed indicator layer 42. Exposure of 
indicator layer 42 thus provides an indication of the open circuit through fuse casing 

10 12. Basically, the window defined by laminate 62 changes from a silvery state, 
existing when the aluminum metal layer is still present, to a red color when the 
aluminum metal has vaporized exposing the underlying deep- dyed Mylar® indicator 
layer 42. Typically, a short circuit condition will vaporize a significant portion of 
electrically conductive layer 44, as schematically illustrated in FIG. 8, and will expose 

15 all of indicator layer 42 within opening 68, wherein a full, dye-colored dot is visible 
through opening 68 in laminate 62. 

Referring to an over current fault condition, at low overload conditions, for 
example, two times the rated current, fusible conductor assembly 20 will typically not 
ionize. Rather, a heating element (not shown) and a portion of a trigger/actuator 

20 assembly (not shown) will heat up. Such heat will be conducted to a temperature- 
sensitive material. When the temperature-sensitive material reaches its melting or 
softening point, conductive elements within the fusible circuit assembly will separate, 
thereby forming an open circuit. With fusible conductor assembly 20 no longer 
conducting current along the first current path, the current is transferred to electrically 

25 conductive layer 44. Although the current level is lower than the short circuit 
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condition previously described, electrically conductive layer 44 of indicator 
component 40 still cannot withstand the current, and the vapor deposited aluminum 
forming electrically conductive layer 44 will ionize. Unlike a short circuit condition 
where excessive levels of current are impressed on the aluminum, the current 
impressed upon electrically conductive layer 44, under an over current fault condition, 
the current is still sufficient to vaporize electrically conductive layer 44 in the region 
of reduced cross-sectional area, but not so high as to vaporize the entire region 44a 
beneath cavity 72 defined by opening 68. As a result, rather than exposing the entire 
indicator layer 42 within opening 68, only a portion of indicator layer 42 is exposed. 
In other words, rather than a full dot of the dyed polymer being visible in opening 68, 
a limited, line-like portion of indicator layer 42 is exposed, as schematically illustrated 
in FIG. 8A. 

An indicator according to the present invention can provide a different visual 
indication of a blown fuse based upon the magnitude of the current density (J) and the 
voltage (V) that was applied to conductive layer 44. In this respect, current density (J) 
is expressed as: 

J = I/A, 

where "A" is the cross-sectional area of the metal that forms conductive layer 44 and 
"I" is the current that is applied to conductive layer 44. 

Above a critical current density (Jcnticai), the metal of conductive layer 44 will 
disintegrate. The extent of the disintegration of conductive layer 44 is related to the 
amount that the current density (J) applied to conductive layer 44 exceeds the critical 
current density (Jcriticai). Stated another way, the level of disintegration of conductive 
layer 44 will vary depending upon how much the current density (J) applied to 
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conductive layer 44 exceeds the critical current density (J cr iticai) for that conductive 
layer 44. 

Another factor that affects the disintegration of conductive layer 44 is the 
voltage (Vcriticai) needed to produce the critical current density (Jcriticai)- In this respect, 

5 V cr jtical — Jcriticai P * L, 

where "p" is the resistivity of the metal that forms conductive layer 44, and "L" is the 
length of conductive layer 44. As will be appreciated, varying the dimensions and 
composition of conductive layer 44 will vary "p" and "L," thus changing V cr i t i ca i and 
Jcriticai. Accordingly, indicators responsive to various operating conditions may be 
10 designed by varying the composition and shape of conductive layer 44. 

The foregoing description describes specific embodiments of the present 
invention. Numerous alterations and modifications will occur to those skilled in the 
art. 

Referring now to FIGS. 13 through 16, alternate embodiments of the present 
15 invention are shown. Specifically, FIGS. 13 and 14 show an indicator component 40, 
in accordance with the present invention, used in fuse 210 having blade contacts 212, 
as contrasted to end ferrules 82, shown in FIGS. 1 through 12. In this respect, unlike 
the embodiment shown in FIGS. 1 through 12, wherein electrically conductive layer 
44 of indicator component 40 comes in contact with conductive end ferrules 82 
20 through metallic inner rings 52, eyelets 214 and pins 216 extending through the ends 
of indicator component 40 are provided in fuse 210 to form a current path through 
indicator component 40 to internal metal blocks 222 that are attached to conductive 
3 blade contacts 212. The embodiments shown in FIGS^l^ through^* show how an 
indicator component 40 according to the present invention finds advantageous 
25 application with other types of fuses. 
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It is intended that all such modifications and alterations be included insofar as 
they come within the scope of the invention as claimed or the equivalents thereof. 
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